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Abstract Results on earner intensity of a microwave comnuinication link situated between Raichur and Adoni having path length 60 km 
and aHccted by three diltercnt atmospheric conditions viz clear air, fog and cloud are presented m this paper The results arc mainly related 
when the performance ol the link was not satisfactory under the three different meteorological conditions The low signals associated with deep 
fades were observed for large percentage ol time during foggy and cloudy situations In dear air condition also it has been observed that the carrier 
intensity was low and associated with large fades The results on the fadings of signals have been discussed in relation to multipath propagation 
mechanism
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I. In tro d u c tio n
The line o f  sigh t m icrow ave  com m un ica tion  is affec ted  
under v a ried  m e te o ro lo g ic a l s itu a tio n s  due  to  v a rio u s 
propagation m ech an ism s f l ] .  T he d iffe ren t m eteo ro log ica l 
conditions are  c le a r air, ra in , rain  b earin g  c loud , fog  etc. 
Among the  p ro p ag a tio n  m echan ism s w e have sca ttering , 
rd lec tio n , d u c tin g  and  m u ltip a th  [ 1], In line o f  sight 
com m unication , m u ltip a th  p h en o m en a  is the m ost im portan t 
(2-5]. In m u ltip a th  p ro p ag a tio n  severa l rad io  rays reach  the 
receiver from  tran sm itte r  th ro u g h  d iffe ren t p a th s [6 ,7]. 
When the rays a re  in sam e p hase , the  re su ltan t field  at the 
receiver is u su a lly  h igh . B u t w hen  the  rays are  ou t o f  
phases, th e  re su ltan t fie ld  a t the  re ce iv e r is o f  low  level 
or the in s tan tan eo u s varia tio n  o f  the signal is large o r  it can 
he said th a t th e  s ig n a l is a sso c ia te d  w ith  d eep  fades. 
M ultipath p ro p ag a tio n  d o m in a tes  w hen  the  a tm osphere  is 
stratified.
In th is p ap e r, o b se rv a tio n s  on  c a rr ie r  in tensity  o f  a 
i-iicrowave co m m u n ica tio n  link  s itu a ted  betw een  R aichur
an d  A d o n i a f f e c te d  b y  th re e  d if fe re n t  a tm o s p h e r ic  
cond itions viz. c lea r air, fog  and  cloud  are  p resen ted . T he 
observations are  re la ted  to  w hen the p erfo rm an ce  o f  the 
link w as no t sa tisfac to ry  under the a fo resa id  th ree  d iffe ren t 
m e te o ro lo g ic a l c o n d itio n s . In m ic ro w a v e  p ro p a g a tio n  
w hen the frequency  o f  the rad io  w ave is > 10 G H z, the rad io  
w ave is a ffec ted  by p rec ip ita tion , c loud , fog  etc. T he  
rad io  w ave hav ing  frequency  ^  10 G H z is a ttenua ted  due 
to  rain , fog  and  c loud  fo r sca tte rin g  and  ab so rp tio n  [I j .  
B ut, it has been seen in the p resen t study  tha t rad io  signals 
at 7 .2  G H z have su ffe red  d eep  fades w ith  low  signal under 
fo g  an d  c lo u d y  a tm o sp h e r ic  c o n d itio n s . It h a s  been  
o bserved  th a t very  low  signals asso c ia ted  w ith  d eep  fades 
w ere o b serv ed  fo r large p e rcen tag e  o f  tim e  du rin g  fog 
and  c loudy  cond itions. In c lea r a ir co n d itio n s a lso  deep  
fades have  b een  found  to  occu r. T he  resu lts  o f  ob se rv a tio n s 
on signals o f  low  level an d  d eep  fades have  been  d iscussed  
in the light o f  m ultifiath  p ro p ag a tio n  m echan ism s in th is 
paper.
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2. Source o f  da ta
The carrie r in tensity observations were obtained from  an 
operational agency. The carrie r intensity measurements were 
taken from  tim e to tim e in the months o f  December through 
M arch during  the period 1993-1998 by using a radio link 
situated between Raichur and A don i operating at 7.2 G H z 
w ith  vertica l po lariza tion . The carrie r intensity observations 
were taken when the carrie r intensity was either low  or when 
the varia tion  o f  the signal level w ith in  one hour was very 
large. Such observations were taken under clear a ir conditions 
and foggy and c loudy situations.
3. T e r ra in  and  ra d io  l in k  ch a ra c te ris tics
The terrain p ro file  between Raichur and A don i is shown in 
Figure 1. The terrain consists o f  a va lley at distance 5 km
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occurrence percentage o f  various class o f  signal level under 
three atmospheric conditions are presented in Figure 2, Even 
though the measurements were taken du ring  dear an 
conditions. The signal levels were recorded on ly  when the 
signal level was low  o r the varia tion  in signal w ith in  one hom 
was very large fo r example, from  -5 0  dBm  to -7 2  dBm or 
from  -6 0  dBm  to 80 dBm  etc. Figure 2 depicts that under 
the clear a ir cond ition , the signal levels ly ing  in the ranne
RAICHUR-ADONI 
PROBABILITY OCCURkHNCP:
46% 58"^ o 85% 
I I I
88"'b 9999%
— I----------------- L__ rocicr^'
43% a(y% 9 9  9 5 %
— I—  CLoiin^
2 0 %  2 7 %  63^0 6 9 %  7 9 %  8 7 %  99^o
— I---------- L---------•---------- '---------- -^--------- •--------- *—  C’LLAR AIR
90 -85 -80 -75 70 65 -60 -55
SKjNAL LI-VP:L. dBm
50
Figure t. Terrain profile between Raichur and Adoni
from  A don i. T h e  path  a lso  co n sis ts  o f  ro llin g  p la in s from  17 
km  from  A d o n i up to  a d is tan ce  o f  56 km  from  A doni. 
R a ichu r is s itu a ted  at an  a ltitude  o f  380  m  above  m ean sea 
level w h ile  A don i is situ a ted  a t an  e lev a tio n  6 1 0  m. T he path  
d is tan ce  betw een  R aich u r and A doni is 60  km . T he heigh ts 
o f  an tenna  a t R a ich u r and  A don i are 9 0  m  and  6  m from  the 
g ro u n d  resp ec tiv e ly .
T h e  tran sm itted  p o w er o f  the rad io  link  is 1 w att. T he 
tran sm ittin g  a n ten n a  ga in  is 40  dB  an d  th e  rece iv e r an tenna  
g a in  is 4 0  dB .
T h e  m e teo ro lo g ica l o b se rv a tio n s  o v e r R aichur, K um oo l 
an d  H y d e rab ad  w ere  o b ta in ed  from  th e  Ind ia  M eteo ro log ica l 
D ep artm en t. T h e  o v e r all on  an av erag e  m eteo ro lo g ica l 
c o n d itio n s  o v e r th e se  loca tions a re  a lm o st sam e.
4 . R e s u lts  a n d  d is c u s s io n
S igna l lev e ls  u n d e r  d if fe ren t a tm o sp h eric  co n d itio n s w ere  
o b ta in ed  fo r  th e  p re se n t s tu d y  p ro v id ed  to  us. T h e  d iffe ren t 
co n d itio n s  w ere  c le a r a ir , fo ggy  an d  c loudy . Such  atm ospheric  
c o n d itio n s  w e re  a sc e r ta in e d  from  v isua l in spection . T he
Figure 2. Occurrence percentage of signal levels under different atmosphenc 
conditions
from  -7 5  dBm  to -7 0  dBm , have been found to occur l(»i 
36%  w h ile  the signal levels ly ing  in the range from  -85 dBm 
to - 80 dBm  occurred fo r 19%. Therefore, the signal level 
has been found to be associated w ith  the signals less ihaii 
-75 dBm  even under clear a ir cond ition  fo r more than 60% 
o f  the total observations (100% ).
We have observed that there is w ide varia tion m 
signal level under foggy cond ition . The low  signals lying 
between 75 dB m  and -7 0  dBm  have been found to occur 
fo r 28%  w h ile  the signals ly ing  between -8 5  dBm  and 80 
dBm  occurred fo r 27%  and signals ly in g  from  90 dBm to 
-8 5  dBm  were found to  occur fo r 19% under fogg> 
situation. The low  signal associated w ith  less than -7 0  dBm 
was found to occur fo r  74%  out o f  to ta l observations (100%) 
under foggy situation. The fog always occurs near the 
earth's surface upto  a he ight 150 m o r 200 m. The 
m eteoro logica l situations during  fog  are associated with 
both saturated water vapour and some amount o f  liquid 
water. The change o f  m eteoro log ica l s ituation (temperature 
or water vapour or liq u id  water content) from  normal 
cond ition  (le ve l) leads to  change in atm ospheric condition. 
Such change on atm ospheric cond ition  gives rise to  change 
in signal level w ith  fades. The foggy co nd ition  too also has 
been found to  a ffect the m icrow ave com m unica tion  in this 
case.
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The result on signal level under cloudy cond ition  shows 
tliat signal level from  *-75 dBm  to -7 0  dBm  occurs fo r 45.5%  
a n d  (he signal level between -8 5  dBm  and -8 0  dBm  occurs 
ibr 45.5%. It indicates that under cloudy cond ition , the most 
o f  the tim e the signal was o f  lo w  order. The low  signal 
70 dBm  has been found to occur fo r around 91%  out o f 
ihc total observations (100% ). The obscrv cd result on carrie r 
intensity suggests tha t even c loud can affect the perform ance 
o f a m icrowave lin k . It is w e ll established that fo r line  o f 
siglit m icrowave com m unica tion  the low' s ignal associated 
w ith deep fades a reduc to m u ltipa th  fad ing  In  case o f cloudy 
condition also it  has been seen that there is a change in  
atmospheric condition. Such change in  atmospheric condition 
causes a change in m icrowax c signal characteristics. The low 
signal characterized w ith  fades as it has been seen in  cloudy 
cond itio iucan on ly  be expla ined on the basis o f  m ultipa th  
propagation as it is exp la ined fo r m icrowave signals under 
dear a ir cond ition . Some details on ca rrie r in tensity  in 
different m onths when ca rrie r in tens ity  measurements were 
made under varied  m eteoro logica l situations arc presented 
in Table 1.
I able 1. Some details ol‘ signal levels during diircrent period under varied 
meteorological .situations
\tm ospheric  cond it ion Monlh.s Signal levels
Clear  air D ecem b er
Januai'v M odera te  ( -60 to 70) dBm
F ebrua ry
M arch
1a)w ( 70 to X2) dBm
I'oggv D ecem b er
Januars '
F eb ru a iy
I .ow  ( -70 to - 9 0 )  dBm
C loudy D e cem b er I.ow- ( 70  to -9 0 )  dBm
T h e  re su lts  on  v a ri.il io n s  o f  s ig n a l levels w ith in  an  h o u r 
Iiavc been  p re sen ted  in  F ig u ic  3. It is im p o rtan t to  m en tion  
here th a t th e  m e a su re m e n ts  o f  c a rr ie r  in ten s ity  w ere  m ade 
under d is tu rb ed  c o n d itio n s  even  d u rin g  c le a r a ir  cond itions . 
D uring  foggy a n d  c loudy  s itu a tio n s , w licn  m o st o f  th e  
occasions th e  s ig n a l level w as o f  low  level, th e  v a ria tio n  o f  
the s ig n a l w ith in  a n  h o p r w as a lso  low  in  m ost o f  th e  ciises. 
T he v a ria tio n  w as ivpin ' S  dB  to 10 dB  fo r 6 8 %  o f  th e  tim e 
and fro m  15 dB  to  2 0 ^ ^  lo t  16%  o f  th e  tim e  u n d e r c loudy  
condition . In  c a se  o f  f o g ^ .s i tu a t io u ,  th e  v a r ia tio n  o f  s ig n a l 
w ith in  an  h o u r  w as fro n i J.O dB  fo r  16%  o f  th e  lim e
and fro m  10 dB  to  15 dB  Ifo r '3 7 %  o f  th e  tim e  an d  fro m  
15 dB  to  25 dB  fo r  1 0 %  o f  th e  tim e  a n d  fro m  2 0  dB  to  
25 dB  fo r  16%  o f  th e  tim e  u n d e r  fo ggy  co n d itio n . In  case  
o f foggy c o n d itio n , ev en  fro m  35 dB  t o -40 dB  v a ria tio n  
" a s  a lso  (^served for 15% of th e  tim e . S uch  p e rcen tag e  is 
not accep tab le  in  c a se  o f  ta c tic a l c o m m u n ic a tio n  w h ere  w e 
look forward for 9 9 .9 9 %  of re liab ility  of lin k  pe rfo rm an ce .
Under foggy cond ition  also, the propagation mechanism is 
dom inated by m u ltipa th  propagation phenomena in  case o f  
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Figure 3. Variation of signal levels within an hour under diU'erent 
atmosphcric conditioas.
foggy situation we have temperature inversions. In tu rn , such 
temperature inversion gives rise to s tra tified  atmospheric 
conditions. The line  o f  s ight m icrowave com m unica tion  is 
dom inated by m ultipath  propagation in s tra tified  atmosphere 
and the re frac tiv ity  grad ient is more negative than -1 0 0  N / 
km  (8-lO J. In  m ultipa th  propagation, the radio rays travel 
through d ifle ren t paths and give rise to va ria tio i\s  in  signals. 
The large range o f  signal va ria tion  has been observed under 
fogg>' situations. Even during  clear a ir  cond ition , particu la rly  
du ring  December, January, Fabruaiy and M arch, low  signals 
characterised w ith  deep fades are obserx^cd. B u t the frequency 
o f  such occurrence was low  in  clear a ir  as compared to foggy 
condition. The ground based m eteorological characteristics 
around lin k  path is presented in  Table 2.
Table 2. Ground ba.sed meteorological characteristics over communication 
link path during 0000 UT and and 1200 UT.
Monlh.s Temperature
(°C)
Humidity
(%)
December 21.5 63
(27.9) (34)
January 21.6 64
(29.0) (32)
Fcbniary 23.6 54
(32.2) (29)
March 27.1 30
(35.6) (28)
The results within brackets pertain to 1200 UT.
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1'he large variation o f signal level within an hour and the 
low order signal level observed under three different 
meteorological conditions are due to multipath propagation 
mechanism. It is seen in Table 2 that the fall o f temperature 
from day time to night time in the months from December 
to March, when the signals were o f low order was 8 -9 “C, 
The fall o f ground temperature is responsible for the earth’s 
surface cooling. Such cooling causes temperature inversion 
and produces stratified atmosphere conditions with high 
refractivity gradient. The degree o f stratification increases 
when the refractivity gradient is o f large order. The large 
order o f degree o f stratification supports atmospheric layers 
formation The radio rays travel through different paths 
because o f these layers. It has been seen whenever there is 
dc-focussmg eflect, there is fall in signal level and whenever 
there is focussing effect there is an increase in signal level, 
■fhe radio rays travelling through different paths under such 
stratified atmospheric situations give rise to fades, v/hich are 
tenned a s  multipath fadings.
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